This study analyses the effects of innovation on employment in Colombian firms for the manufacturing and service sectors in two different periods: 2007-2010 for the manufacturing industry, and 2010-2011 for the service industry. Based on the theoretical framework proposed by Harrison et al. (2014), we test this relationship using instrumental variables techniques. Data proceed from The Annual Manufacturing Survey, The Development and Technological Innovation Industrial Survey, and The Development and Technological Innovation Services Survey, all of them collected by the Colombian National Administrative Department of Statistics (DANE).Our empirical results show that sales growth due to new products positively affects employment growth, and process innovation has not a displacement effect on employment growth. This is robust to different specifications and the inclusion of control variables.
Introduction
Mainstream economic theories and other approaches consider innovation as a fundamental cause of economic growth (e.g. new growth and neo-Schumpeterian theories). Innovation boosts growth through the diffusion of technology from the developed to the less-developed countries; in addition, combined with other factors improves living standards and boosts economic performance (Verspagen, 2006) . Similarly, several studies shed light on the relationship between GDP (Gross Domestic Product) and investment in Research and Development (R & D) , suggesting a positive and significant impact on the former. Firms, regions and countries benefit from others R & D processes through international trade, coalitions, foreign ownership of firms, workers mobility, etc (Coe and Helpman, 1995; Keller, 1998; van Pottelsberghe and Lichtenberg, 2001 ).
In many countries companies developed the majority of innovations using the networks with other actors of the innovation systems (e.g. universities, research centers, public administration, financial systems etc.). Firms undertake innovations looking for profits: they create new products and gain a higher market share. Later, other firms improve these former innovations or introduce new ones generating a process of creative destruction, enhancing technological progress which generates growth (Aghion and Howitt, 1992) . The levels of uncertainty when companies invest in R & D and innovation activities are high but generate higher rates of returns.
Developed countries base their production systems in science, technology and innovation activities. On the contrary, the majority of developing countries continue producing the same basket of low value added goods and services. Increasing productivity levels is of paramount importance for developing countries, since it leads to spurring innovation and promoting organizational change.
Different determinants of innovation have been highlighted in the literature, such as current and past levels of investment in R & D, knowledge flows (Griliches, 1979) , firm size, level of exports, foreign ownership, cooperation and access to funding (Crespi and Zuniga, 2012) . Romer (1990) , and Aghion and Howitt (1992) , define innovation as the driving force behind growth which affects the entire economy. Innovations developed by firms have an impact in variables such as productivity, per capita income, distribution, capabilities and opportunities of individuals.
The latter two are related to employment. Thus, technological change might generate both job 1 gains and losses. This effect depends on the dynamics behind innovation and factors such as the speed of adoption, industries and sectors affected, necessary skills, speed of adjustment in the employment which may lead to frictional or technological unemployment, creating mismatches in the job market (Pianta, 2006) . Different empirical studies have tried to identify the impact and the effects of innovation on employment. The direction and magnitude of these effects are related to the type of innovation and the way it is measured. As has been discussed in the literature, there are different channels through which innovation can either generate or destroy jobs. This paper analyzes the effects of innovation on employment in Colombian firms for the manufacturing and service sectors using The Annual Manufacturing Survey, The Development and Technological Innovation Industrial Survey, and The Development and Technological Innovation services Survey. The discussion around the effects that technological change has on employment is still open. Hence, it is important to highlight that previous studies conducted at different levels -e.g. firms, industries, or at the macroeconomic level-show results that are similar in some cases.
In other cases, remarkable differences are present. The latter could be explained by differences in terms of the sample of countries, the period analyzed, and the data availability.
The research question addressed in this paper is of particular interest in a country like Colombia, where the labor market faces structural problems. One indicator of that is the striking level of informality: Approximately, 50% of Colombian workers are employed in the informal economy.
Coupled with that, efforts have recently been undertaken in Colombia in terms of investment in science, technology and innovation. This also implies the necessity of understanding the relationship between innovation and employment.
The remainder of the paper is structured as follows. We briefly discuss the literature and most relevant empirical findings related to innovation and its effects on employment. This is followed by a description of our empirical strategy, which is based on Harrison et al. (2014) theoretical framework that assesses the relationship between innovation and employment growth at the firm level.
Our results show that sales growth due to new products affects positively employment growth, this is robust to different specifications and the inclusion of control variables. Besides that, process 2 innovations have not a displacement effect on employment growth in Colombia.
Literature Review
Firms innovate when they perceive a commercial opportunity in a new project. To transform an invention into an innovation, they need to combine knowledge, resources capabilities, and skills.
As noted by Fagerberg (2006) these factors might be combined in different ways, to produce innovations more complex and sophisticated, firms must analyze the social and economic implications of these innovations. The latter taking into account that a radical innovation requires extensive infrastructure investments (e.g. research infrastructure) and the introduction of organizational and social change (e.g relations with the private and public sector, employees skills) to be successful.
Innovation in OECD countries and some emerging economies is mainly carried out by firms.
Between 65% and 75% of total I & D activities in countries like Finland, Japan and the United
States are undertaken by companies. In China and South Korea, this figure is around 70% , while in Chinese Taipei it is 65% and in Spain, 55% (OECD, 2013) . Policies geared towards promoting innovation at the firm level play a key role in several countries, with the expectaction of improving economic performance. However, the effects of innovation on employment might differ across countries -that is, between developed and developing countries-, since the structure of the labor markets and the underlying economic conditions differ deeply.
Hence, it is important to understand the effect of innovation at the firm level on employment generation and its composition. This is of particular interest in Colombia, where the participation of companies in I & D activities is low: 30%, which is the same level of South Korea in the 1970s and China in the 1980s. The Colombian figure is also below the Latin American average, which goes up to 40% (OECD, 2013) .
As it is all around the world, Colombian firms currently face big challenges such as the increasing competition in the majority of industries, in contrast to their low productivity levels. The current economic and political scenario, characterized by globalization and the signature of Free Trade Agreements (FTAs), needs to be carefully considered. Consequently, firms need to increase their productivity levels if they want to compete in global markets. At the same time, they need to be knowledge processors, requiring significant investment levels in innovation. Despite this reality, the Colombian innovation system is small, inefficient and excessively centralized. It shows a low performance in terms of the required level for a sustainable growth (OECD, 2013) . However, new investments in science and technology could boost the innovation system and improve public and private innovation.
The relationship between innovation and employment has been addressed by different strands in the literature. Moreover, empirical studies have studied this relationship from different perspectives and levels of analysis (firm and industry level). Indirect effects that arise within industries, as well as effects macroeconomic effects, have also been considered. The factors that run between these variables might differ deeply across time and countries, due to national policies, institutions, laws and incentives, market labor and economic conditions, as well as other such as education, training process, firms features, etc.
At first, the effects of innovation on employment can be evaluated from a macroeconomic perspective. This approach allows to measure direct and indirect effects through compensation mechanisms. Economic policies are provided with instruments to assure the recovery of jobs when technological change generates losses. Besides that, the negative effects of innovation in terms of job losses have been considered (Pianta, 2006) . Tancioni and Simonetti (2002) developed macroeconomic models where they found different impacts for each country and each compensation mechanism, in those countries where there is a higher rate of investment in innovation activities, innovation in products is high. Consequently, the reduction in prices derived from innovation boosts demand, implying a positive effect in terms of employment. An open economy implies more complexity: since innovations might create and destroy jobs in different countries, the benefits are distributed in several places. Besides that, imports might rise if foreign innovations are more competitive while in the opposite case, exports and local competitiveness can increase (Pianta, 2006) . Moreover, studies that shed light on the relationship between innovation and employment have tended to focus on the analysis at industry and firm level. Antonucci and Pianta (2002) highlight the possibility of technological unemployment, situation that happens when process innovation and weak demand dominates. These authors found for some European countries in the late 1990s job losses in the manufacturing industry due to technological change; because of an active price competitiveness strategy, technological efforts were associated to restructuring and the market expansion effect of new products was modest. Greenan and Guellec (2000) states that for France, at the firm level, process innovation creates more jobs than product innovation while the opposite occurs at the sectoral level. However, innovative firms perform better than the others on the medium-run.
Besides that, Evangelista and Savona (2003) , Carried out estimations related to innovation in services, they found an overall negative impact of innovation on employment, nevertheless results differ vastly depending on the services sector, and at the micro level, depending on the type of strategy implemented by firms. on the other hand, is very common to all the services sectors that high skilled jobs substitute low skilled jobs. Besides that, innovation might generate employment in knowledge-intensive sectors, but can have a negative impact in financial sectors, capital intensive service industries such as transport-related services and traditional services, for instance, trade and waste disposal.
From a microeconomic perspective, the existing literature emphasizes on the different effects associated to product and process innovation where the total effect for each type of innovation remains unclear in theoretical models. Initially, an improvement in technology allows to produce the same amount of output with less productive factors for instance capital and labor, and loss of employment is an outcome of the progress; however, compensation effects as a result of reduction in output prices lead to an increase in demand and a possibility to rise employment; that is, depending on the demand elasticity firms may demand new employment (van Reenen, 1997; Peters, 2005; Harrison et al., 2014) . 1
Most of the research in the field highlights the displacement and compensation effects coming from both types of innovation on employment at the firm level; process innovation improves productivity, firms need fewer inputs. As a result of that, they will be able to produce the same output with less workers leading to the destruction of jobs. From the previous effect could be inferred that process innovation has a negative effect on employment. Nevertheless, due to cost reduction and the increase in productivity, firms can reduce their prices, increase production, finally leading to job generation by means of hiring additional workers.
1 See e.g. Vivarelli (2011) for an overview of the literature.
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On the other hand, if the firm introduces product innovations on the market, an increase in demand would be possible, leading again to job creation. On the contrary, it could happen that the firm introduces a product completely new to the market, so until competitors enter with similar or better products, the company can increase price, reduce the quantity sold, and require fewer workers. Concerning these effects at the firm level, studies have been conducted for several countries based on the theoretical model of (Harrison et al., 2014) . The proposed model takes into account the effect of process innovation and sales growth (coming from old products and innovation through new products) on employment, empirical estimations were conducted for France, Germany, Spain and the UK for the period 1998-2000. The main findings across countries suggest a positive effect of product innovation on employment, in this case the compensation effect dominates when firms introduce new products -despite old products destruction-boosting employment growth. On the other hand, process innovation effects are not clear because the results vary across countries and sectors, that is, sometimes dominates the displacement effect and in other cases the compensation effect.
Based on the same theoretical model, Peters (2005) conducts a study for German manufacturing and services firms. She finds similar results to those obtained for Spain. Moreover, product innovations new to the firm but not to the market (imitation strategies) stimulate employment, thus, product novelty degree does not affect employment in this case. The process innovations findings are negative in manufacturing, especially innovations that reduce average production costs (rationalization innovations); the result is positive in the services sector but not significant. Other studies have been conducted for Spain (Jaumandreu, 2003) and Italy (Hall et al., 2008) suggesting positive impacts of product innovation in both countries and displacement effects of process innovation only in Spain.
Besides the previous studies, recent studies has been conducted for Latin America. Crespi and Tacsir (2012) conduct estimations for the manufacturing sector in Argentina, Chile, Costa Rica and Uruguay, besides a positive effect of product innovation on employment, they find that process innovation is not significant for all the countries, only for Costa Rica with a positive impact and Uruguay where the displacement effect dominates. Beyond that, Castillo et al. (2011) evaluate the relationship for Argentina, Benavente and Lauterbach (2008) and Alvarez et al. (2011) for Chile, and Aboal et al. (2011) for Uruguay.
It is common that empirical studies find a positive impact of product innovation on employment and an ambiguous effect of process innovation. In contrast to this line of argumentation, a different estimation strategy is proposed by Lachenmaier and Rottmann (2011) . they used a dataset from German manufacturing companies to undertake a dynamic panel analysis including input and output measures for innovation, the results suggest higher positive impacts on employment for process innovation rather than product innovation. These outcomes go in another direction to those obtained in studies mentioned above, proposing that countries should not specialize and invest only in product innovations, process innovations might also play a key role depending on country conditions. van Reenen (1997) , Smolny (1998) , and Piva and Vivarelli (2005) also carried out estimations with a different theoretical setting. However, The main finding was that technological innovation is associated with higher employment at the firm level. This result showed to be robust when control variables were included and different specifications were tested.
Methodology
We use (Harrison et al., 2014) theoretical framework to assess the relationship between innovation and employment growth at the firm level. This approach suggests a theoretic relationship where employment growth is explained by process innovations and sales growth due to new products. The model analyzes a firm in two periods, t = 1 and t = 2, at the beginning of the reference period the firm only produces old products. However, it might introduce product innovations between the periods, in the second period the firm can produce old products and new products. Firms use identical separable production technologies that have constant returns to scale in capital, labor, and intermediate inputs in order to produce old and new products. New products are produced with higher or lower efficiency than old products, thus the firm may affect the efficiency of its production investing in process innovation. Employment growth is going to be affected by the efficiency increase in the production of the old product, the rate of change in the production of the old product, the expansion in production due to new products and the impact of old product unanticipated productivity shocks (Harrison et al., 2014; Peters, 2005) . Real output is not observed, 7 for that reason nominal sales are used. The first equation to estimate is: (Peters, 2005) . Nominal rate of sales growth due to old products g 1 has a coefficient equal to one, therefore can be subtracted from employment growth rate, thus the new dependent variable is ( i −g 1i ). On the other hand, endogeneity problems may appear since innovation decisions depend on the firms productivity, productivity inherent to each firm which is differentiated out in the theoretical model and unobservable productivity shocks, the latter ones depend on the timing of technological investments (lagged values of the explanatory variables or technological investments can be used as instruments). Other complications may occur because real growth sales of old products are not observed, one way to resolve this problem is using firm-level prices, which in our study are available in The Annual Manufacturing Survey. Consequently, the dependent variable will be i − (g 1i − π i ) and the equation to estimate is:
We also study the effect that other variables exert on employment such as organizational changes, the latter can boost managerial occupations and reduce the demand for unskilled workers (Caroli and Reenen, 2001) . Additionally, according to Dachs and Peters (2014) Survey, its is found that 10% of the firms innovate both in products and processes. As depicted in table 17, another important aspect related to manufacturing firms is that they tend to undertake more innovation just in processes, rather than product innovation. On the other hand, in the service industry firms tend to innovate more introducing new or improved products or services rather than new or improved processes. This is due to the structure of the service industry.
When analyzing the data, we found that the productive structure is somewhat different for both types of industries. In the case of the manufaturing sector, 51% of the companies have between 11 and 50 employees, 34% have between 51 and 200 employees, and 15% have more than 200 employees. In the case of the services sector, small-sized firms represent 35% of the sample, while medium-sized firms represent 37% and large-sized firms, 28%. In spite of that difference, it is striking to notice how in the service industry sector 65% of the firms alre also non-innovators.
Regarding employment growth in the period 2007-2010, it was in average of 3% in the manufacturing sector, where skilled labor grew more rapidly than the unskilled labor. The former grew 12% and the latter 4%. Additionally, in the period of time analyzed part-time employment presented an important potive growth rate: it showed an average increase of 47%, while full-time employment just had an average increase of 12%. Furthermore, female employment rose in average 10% almost doubling male employment. In the service industry sample, employment growth was in average of 6%, where the growth of skilled employment went up to 14% and in the case of unskilled labor, 2%.
Here, it is interesting to analyze the behavior of the sales growth derived either from old or new products in both industries. As can be observed in table 17, sales growth due to old products is more important in the manufacturing than in the service industry. In the former, sales growth proceeding from new products was of just 4%, while sales growth due to old products was of 9.6%. In the case of the service industry, sales growth linked to new products was of 6%, while sales growth of old products was of 2.7%. Besides that, the R & D intensity and the innovation intensity were considerably higher in the service industry in contrast with the manufacturing industry. Nevertheless, it is important to clarify that the periods of analysis are different. Moreover, industries which introduced more process and product innovations during the period of analysis were food products and beverages, printing and reproduction of recorded media, chemical products, and rubber and plastics products. Table 18 presents more detailed information by type of innovation and industry.
Results
Concerning the empirical strategy, a pooled OLS (POLS) estimation was first conducted: the same firms were considered in the two waves of the innovation survey. Here, the purpose has been mainly to show some benchmark estimates and to see if results vary considerably when using other methodologies. When the theoretical model with the dependent variable i − (g 1i − π i ) is estimated, the sales growth due to new products g 2 has a positive impact on employment growth. This means that new products are produced more efficiently than old products and the compensation effect dominates the displacement effect. These results are depicted in table 1, where the variable process innovation only is not significant. Innovation in commercialization shows to be positive and significant in equation 9. Labor costs exert a negative impact on employment growth and showed to be signigicant in equations 8 and 16, which goes in line with previous empirical studies. The fixed assets growth variable has a negative and significant effect on employment growth. But, as will be shown later, this effect disappears when instrumental variables are included.
As can be observed, the empirical analysis also comprises the inclusion of the variable process and product innovation, taking into account that based on the available information, it is not possible to differentiate between process innovations applied to old or new products. According to Peters (2005) the process innovation dummy may have additional efficiency gains, this dummy could include the effects of changes in the production of the old products. We divide the effect by estimating with process innovation only, where the effect corresponds to old products, and estimating with process and product innovation, where the changes are related to old and new products. Table 2 suggests a positive and significant effect of the process and product innovation variable, and a slight decrease in the coefficient of g 2 , this indicates a lower effect of new products on employment growth.
As has been previously explained in the methology section, the model presents some endogeneity problems. Hence, it is necessary to conduct estimations instrumenting the variable g 2 . As is shown in table 2, the instruments used were client, innovation intensity interacted with increased market share, increased range and the obstacles to innovate. Sargan-Hansen overidentification tests were performed and the obtained results validate the instruments. The results are similar to those obtained in table 1. It is also interesting to notice that when estimating using instrumental variables, process innovation only showed to be negative and significant -in comparison to OLS, where it was negative but not significant.
Another important aspect is to shed light on the relationship between the innovation variables and the different types of labor. Namely, in table 3 and 4 the results of skilled and unskilled employment are presented. When estimating through pooled OLS (POLS), the effect of g 2 does not vary, maybe due to the possible downward bias in the coefficients. when instruments are used to correct the endogeneity like in the case of table 2, the positive impact of g 2 on employment growth is higher on employees with higher qualifications. In table 4, process innovation only has a negative effect but it is not significant, and labor cost growth estimated for each type of labor has a negative impact on employment growth. The variables commercialization change and fixed assets growth have positive and negative impacts respectively. Instrumental variables estimations suggest a larger impact of innovation on employment growth in the case of skilled workers, this also happened with full-time employees as can be seen in table 19 available in the annex. In the case of female and male employment, table 21 and 22 also show some differences suggesting a larger impact of g 2 in male employment growth. This suggests that innovation exerts a stronger effect on male employment, despite of the fact that female employment growth was -in average-higher in the period analyzed. In all the manufacturing industry estimations, if the firm exports or not has not an additional effect on employment growth. This is possible, because the number of exporting firms in the Colombian manufacturing sector is not very high. The variables located in the capital and foreign owned are in almost all the estimations not significant, despite of the differentiation among different types of industries and different types of labor. In some cases, being a large or medium-sized company has an additional effect on employment growth, and it is also very common the negative impact of labor costs growth or fixed assets growth. 0.307*** 0.308*** 0.308*** 0.306*** 0.307*** 0.307*** 0.306*** 0.294*** 0.293*** 0.295*** 0.296*** 0.297*** 0.297*** 0.296*** 0.296*** 0.297*** 0.288*** 0.287** 0.295*** 0.302*** 0.303*** 0.306*** 0.302*** 0.301*** 0.306*** 0.306*** 0.300*** 0.294*** 0.300*** 0.300*** 0.304*** 0.301*** 0.299*** 0.305*** 0.304*** 0.299*** (0.101) (0.100) (0.100) (0.100) (0.100) (0.100) (0.100) (0.100) (0.100) (0.101) (0.100) (0.100) (0.100) (0.100) (0.100) (0.100) (0.100) (0. Significance at the *** 1%, **5% and * 10% level. instruments used are client, increase market share interacted with innovation intensity, increased range and obstacles to innovate Source: Authors' estimations. Significance at the *** 1%, **5% and * 10% level. instruments used are client, innovation intensity interacted with increased market share, increased range and obstacles to innovation Source: Authors' estimations. Significance at the *** 1%, **5% and * 10% level. instruments used are client, innovation intensity interacted with increased market share, increased range and obstacles to innovation Source: Authors' estimations.
As far as the service industry is concerned, when the theoretical model is estimated through OLS, g 2 has a positive and significant impact, and is larger than in the case of manufacturing firms.
Labor cost growth and fixed assets growth were not available in the data provided for the services estimations. For that reason are not included as control variables. Table 8 shows instrumental variables estimations where the effect of g 2 is slightly larger, and instruments used are increased range, increased market share and patent. Table 9 and 10 compare the effects between skilled and unskilled workers, where instrumental variables estimations do not show a big difference. Additionally, in all the service industry estimations, process innovation only has a negative but not significant impact and organizational changes, have an impact on unskilled employment growth.
Another outcome to highlight is that organizational changes have more impact on service firms, and commercialization changes affect more frequently industry firms. Significance at the *** 1%, **5% and * 10% level. increased range, increase market share and patent. Source: Authors' estimations.
Robustness Checks
Tables 11 and 12 present additional instrumental variable estimations using other instruments different to those mentioned before. In table 11, estimations are conducted using only innovation intensity as an instrument. In table 12, three instruments are shown, namely client, increased market share interacted with innovation intensity, and increased range. In both cases, results showed to be robust when using different instruments. In all cases, g 2 is always positive and statiscally significant. The only difference is that in table 16 -where innovation intensity is the instrumentthe effect of g 2 is a bit larger: it goes up to 0.34, while in the other cases it is of 0.30.
Additional estimations are carried out dividing the different samples according to the firm size.
These results might be seen in the tables 13, 14 and 15 where g 2 has the higher impact in large-sized firms, and a lower impact in medium-sized firms. Process innovation only is negative in medium and large firms but is not significant. Besides that, commercialization changes have a positive result on employment growth in small firms. Small and large firms are affected by fixed assets growth in a negative way, and medium firms are affected by labor costs growth which have a negative and significant effect. Significance at the *** 1%, **5% and * 10% level. instruments used are client, increase market share interacted with innovation intensity and increased range Source: Authors' estimations. 
Concluding Remarks
Mainstream economic theories consider innovation as a fundamental cause of economic growth.
In the same line of argumentation, several studies shed light on the relationship between GDP growth and investment in R & D, suggesting a positive and significant impact on the former. Most innovations are undertaken by firms in developed countries. Firms undertake innovations looking for profits: they create new products and gain a larger market share. Different empirical studies have tried to identify the impact and the effects of innovation on employment. The direction and magnitude of these effects are related to the type of innovations and the way they are measured.
Colombian firms are still in high proportion non-innovators. Even firms that have innovated have decreased, when the two waves of the innovation surveys are compared. This could be explained by the fact that the Colombian economy lacks of significant sophisticated sectors, high value-added activities and firms performing in these areas. Companies need to invest a larger amount in Science & Technology activities, and those who are investing should not just increase the share, but also use these resources in a more efficient manner, revaluate and change processes, introduce more commercialization and undertake organizational changes.
The proportion of new innovations destined to international markets is extremely low in Colombia. In this setting, firms who export not necessarily generate more jobs through the effects of innovation, and this may perpetuate the export structure of Colombia based on primary activities and low value-added products.
Our empirical analysis shows that sales growth due to new products affects positively employment growth, and the effects remain regardless of the firm size, the type of labor, the innovation intensity, and the economic sector. However, the magnitude of the effect is different according to the features of employees and firms. This means that the results are robust to different specifications and the inclusion of different control variables. On the other hand, in most of the cases the effect of process innovation is negative, but the displacement effect is not significant. This might vary depending on features associated to the firms e.g., innovation intensity, firm size, industry or service sector-and type of employment under analysis. Significance at the *** 1%, **5% and * 10% level. instruments used are client, innovation effort interacted with increased market share, increased range and obstacles to innovation Source: Authors' estimations. Significance at the *** 1%, **5% and * 10% level. instruments used are client, innovation effort interacted with increased market share, increased range and obstacles to innovation Source: Authors' estimations.
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